We present a modular microscopy device that transforms a basic inverted fluorescence microscope into a versatile single-molecule imaging and diagnostic system, with applications in the biomedical, biophysical and materials sciences. The device employs a recently developed and accessible imaging approach, Convex Lens-Induced Confinement (CLIC), delivering key advantages based on its tunable nanoscale imaging geometry: sensitive detection and enhanced background suppression; minimal required analyte volume (~L); direct visualization of molecular interactions and dynamics over extended time periods (seconds to minutes); and direct manipulation of molecular conformations [1]. The presented CLIC device loads the sample into a flow-cell using a microfluidics system and mechanically deforms the flow-cell, creating a tunable, nanoscale imaging chamber. A powerful feature of CLIC imaging is the ability to manipulate and visualize single molecules under a continuum of applied confinement, from the micrometer to nanometer scale. It overcomes a key challenge faced by existing nanofluidic technologies of delivering molecules from a microscale loading environment into a nanoscale imaging environment. We demonstrate the device's ability to manipulate the conformations of DNA molecules in free-solution, providing a new approach to partitioning and probing their physical properties. Further, combining CLIC imaging with surface-lithography presents a powerful approach to controllably manipulating and trapping molecules over a wide range of imaging conditions. Fluorescence Microscopy (180.2520); 170.3880 Medical and biological imaging; 170.3890 Medical optics instrumentation.
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Motivation for Improved Single-Molecule Fluorescence Microscopy
Single-molecule fluorescence microscopy has shed new insights into a wide range of biological systems and nanoscale materials, and underlies emerging biomedical technologies such as DNA sequencing. By introducing the ability to selectively label and optically interrogate individual molecules, single-molecule microscopy can uncover new information on the microscopic mechanisms, dynamics and kinetics underlying the complex behaviour of interacting systems in biology [2] , materials science and chemistry [3] and medicine [4] .
Commonly used single-molecule imaging methods include confocal and total internal reflection fluorescence (TIRF) microscopy, which, despite their widespread implementation, access only a limited range of reagent and observation conditions. Single-molecule resolution is typically limited to reagent concentrations less than 10 nM using confocal, and 100 nM using TIRF imaging, while physiological reagent concentrations are often in the M range [1] . A diffusing protein (D ~ 100 m 2 /s) will escape a typical detection volume in less than milliseconds, using TIRF and confocal microscopy, while physiological processes such as transcription extend over seconds to minutes. These constraints on accessible imaging conditions limit the range of molecular dynamics and interactions that can be probed using standard tools.
A compelling challenge for microscopy research and biomedical technology development is to visualize and manipulate biomolecules over a much wider range of conditions, which our presented technology development addresses. Other platforms have made progress on this challenge; however, all are subject to drawbacks. For example, while zero-mode waveguides limit the excitation field to sub-micron sized chambers [5] and can probe reagent concentrations up to 50 µM, widespread adoption is limited by restrictive fabrication protocols, and microsecond typical observation periods [6] . An alternative approach to probing micromolar reagent concentrations uses vesicles to encapsulate molecules [7] ; however, this approach is not compatible with spatially extended polymers such as actin filaments or DNA.
Overcoming the simultaneous challenges of observing concentrated solutions for long time-periods and under diverse reagent conditions is relevant to advancing many facets nanoscience research. For instance, elucidating the microscopic rules of self-assembly of e.g. DNA nanostructures, photonic nanocrystals, and active materials requires new free-solution measurements capable of probing the constituents' dynamics, interactions and conformations. ) microscopy device which serves as an appendage to an inverted fluorescence microscope in order to dramatically improve its imaging capabilities. By confining molecules within a tunable wedge-shaped sample chamber, this device enables single-molecule imaging of fluorescent molecules at micromolar concentrations and seconds-long time periods. Reducing the detection volume suppresses background fluorescence and constrains molecules to a single focal plane, allowing e.g. small molecules to be tracked for tens of seconds within a 100 x 100 µm 2 field of view. The method of chamber formation is robust and reproducible: by lowering a micropositioner, a convex lens ("CLIC-lens"), mounted curve-side down on a lens-tube, makes contact with the top coverslip of a flow-cell (Fig 1a) . Next, a nanopositioner pushes the lens downward, deforming the top coverslip into contact with the bottom coverslip, forming the graduated CLIC imaging chamber geometry (Fig  1b,c) . The graduated confinement imposed by the CLIC chamber typically varies by tens of nanometers in height over hundreds of micrometers across the field of view (Fig 1d) . It allows molecules to be observed as a function of confinement by simply translating the microscope objective. Important to a wide range of applications, the flow-cell geometry facilitates serial sample-replacement, prevents sample-evaporation, uses minimal sample (∼µL) and doesn't require cleaning between experiments (advantageous in comparison to Ref. 1). The flow-cell setup can consist entirely of disposable parts (e.g. coverslips and double-sided adhesive) and uses existing surface-passivation and samplepreparation protocols, familiar to wide range of microscopy laboratories. While Ref. 8 introduces flow-cell CLIC technology, the new CLIC device presented in this work has several advantages that make it a viable technology for labs to adopt: 1.) a new microfluidics chuck that accepts liquid from a pipette (instead of syringes); 2.) reduced reagent volume (as small as ~2 L total; while the device in Ref. 8 consumed ~100 L due to syringe-attachment tubes); 3.) ease of use; 4.) reduced cost; 5.) reduced foot print; and 6.) more reproducible results. Figure 2 demonstrates the sensing capabilities of the CLIC system. With it, we have imaged and tracked DNA molecules in free solution, as a function of applied confinement. We can control and measure the DNA conformations by varying the confinement they experience (Fig. 2 cd) . We can partition molecules in a chamber whose confinement gradient excludes molecules at low heights and admits them at higher heights (Fig. 2 ab) . The large transverse size of the chamber 
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2 ) affords the collection of generous statistics on the concentration of particles as a function of confinement. Furthermore, we can combine this tunable slit with surface-embedded nanoscale topographies to gain further control over the resulting DNA topologies. By controllably reducing the slit height (e.g. by lowering the CLIC lens) we can dynamically trap and load DNA into nanoscale features, with a wide range of biosensing applications. [1] Leslie, S. R., Fields, A. P., and Cohen, A. E., "Convex lens-induced confinement for imaging single molecules,"Anal. Chem. 82, 6224-6229 (2010) .
[2] Moerner, W. E., "New directions in single-molecule imaging and analysis," Proceedings of the National Academy of Sciences 104 (31), 12596-12602 (2007) .
[3] Kulzer, F. and Orrit, M., "Single-molecule optics," Annual Review of Physical Chemistry 55(1), 585-611 (2004) .
[4] Navin, N. and Hicks, J., "Future medical applications of single-cell sequencing in cancer," Genome Medicine 3(5), 31 (2011).
[5] Levene, M. J., et al "Zero-mode waveguides for single-molecule analysis at high concentrations.," Science 299(5607), 682-6 (2003) .
[6] Elting, M. et al, "Single-molecule fluorescence imaging of processive myosin with enhanced back-ground suppression using linear zero-mode waveguides (ZMWs) and convex," Optics Express 21(1), 1189-1202 (2013) . 
